Progress in sequencing individual genomes has expanded the ability to predict risks of disease in the person being tested or in their biological relatives. The risk, but not necessarily age of onset or severity, can be precisely quantified for Mendelian disorders in which the presence of a single disease-related mutation in double gene dosage (recessive disorders) or in single gene dosage (dominant and X-linked disorders) has been detected. For the vast majority of disorders in which inheritance plays a role, the prediction is less precise; the presence of specific mutations at gene loci, other than the one being examined, and/or environmental factors must be present for the disease to manifest. These modifiers also influence the age of disease onset and how the disease presents. Progress has been much slower in identifying such secondary factors in order to improve the predictability of tests for single mutations.
For a handful of non-Mendelian conditions, including hereditary types of breast (BrCa 1,2) and colon (HNPCC, FAP) cancer, genetic testing for mutations of known clinical significance is sufficiently predictable to be clinically available to high-risk families. In this issue, Zhu et al. [1] examine behavioral consequences of informing apparently healthy research subjects of the results of a test for the presence of the L16R c.47T>G (p.Leu16Arg) variant in the CDKN2A gene, while its association with pancreatic cancer (PC) is still under investigation. Although it accounts for only 3% of all new cancer cases in the USA, PC accounts for 7% of all cancer deaths, and it has a 5-year survival rate of only 8.5% [2] . Hereditary forms account for 5-10% of all pancreatic cancers [2, 3] .
Several sources, cited by Zhu et al. [1] , have published criteria for returning individual genetic research results (IRR). A duty to inform "is met," Beskow and Burke write, "when, in the course of research, an investigator discovers genetic information that clearly indicates a high probability of a serious condition for which an effective intervention is readily available" [4] . The Clinical Sequencing Exploratory Research (CSER) Consortium and the Electronic Medical Records and Genomics (eMERGE) Network recommend that "at a minimum, researchers should offer individual genomic research results that are valid, medically important, and actionable if discovered purposefully or by chance during the course of data analysis" [5] . Similar guidelines have been published by a National Heart, Lung, and Blood working group [6] .
Zhu et al. [1] report that returning IRR is "often motivated by feelings of obligation that the genetic information may be valuable to participants…" Yet the paper they cite in support of this statement notes, "designing research with disclosure of individual genetic results as an integral component is a morally optional choice, not an obligation..." [3] . Moreover "feelings" may get in the way of looking at data objectively, and in this paper, Zhu et al. [1] have let their feelings get the better of them; they have misled readers, their Institutional Review Board, and their research subjects by not fulfilling the criteria for returning IRR that have been promulgated. We hope this editorial will inform all authors of the rigorous criteria they must establish before Public Health Genomics, and we hope other journals, will accept papers regarding the return of genetic research results to individual subjects in the future.
Zhu et al. [1] base their offering of IRR on 4 factors: (1) the pathogenicity of the CDKN2A variant; (2) the validity of the test for the CDKN2A variant; (3) the action(s) that can be taken if the mutation is present; and (4) the decision of the principal investigator. Regarding this last factor, the authors write, "the specific context of this research wherein results could have particular importance for families who experience a high burden of cancer led the principal investigator (G.M.P.) to disclose the status of the CDKN2A variant, positive or negative, as IRR to participants who wanted to know." No acknowledgment is given to others, such as bioethicists, who might have been consulted before the principal investigator made this decision. On the strength of the evidence regarding factors (1), (2), and (3), this decision was unwarranted.
Zhu et al. [1] maintain that the p.Leu16Arg variant "is likely pathogenic, and it is currently classified as pathogenic/likely pathogenic in ClinVar." They cite 4 references in support of its pathogenicity [3, [7] [8] [9] . One reference [3] is probably the parent study of which Zhu et al.'s is a part; the author list includes two authors of the paper under discussion, and the study comes from the same institution. It reports that CDKN2A germline mutations occurred significantly more frequently in PC patients than in controls drawn from public sequencing data, but it concluded "the study did not have sufficient information to estimate lifetime probability of cancer (penetrance) in carriers of the predisposition gene mutations" [3] . One of their other citations lists the c.47T>G (p.Leu16Arg) CDKN2A mutation as pathogenic for hereditary melanoma and "hereditary cancer-predisposing syndrome" but does not specify PC [7] . The third reference was not accessible to us [8] . We will discuss their fourth citation, McWilliams et al. [9] , below.
Establishing the pathogenicity of a mutation is not tantamount to saying that everyone who possesses it will get the disease, or cancer, in question. It is the penetrance of the mutation -the chance that a person, e.g., with the CDKN2A variant, will develop PC over their lifetimethat is important for establishing the validity of testing for the mutation. Zhu et al. [1] tell their subjects "that if the IRR is confirmed in a CLIA-certified lab, their lifetime risk for PC could be up to 60-70% and lifetime risk for melanoma could be up to 30-40%." We could not substantiate this statement when we examined the 5 references they cite as evidence [9] [10] [11] [12] [13] (see Table 1 ). Cumulative risks to 70 or 80 years ranged from 14 to 58% and were estimated with considerable uncertainty as evidenced by the wide confidence intervals. One of the cita- tions was for risk of melanoma not PC [11] . In the Mayo Clinic study [9] , the cumulative risk of 58% was almost entirely due to the cumulative risk (to age 80) in smokers (92.7%); while it was only 2.1% in non-smokers. Zhu et al. [1] note that smoking cessation is one of the National Cancer Institute's cancer prevention guidelines and is recommended in their counseling to non-carriers as well as, presumably to, carriers. Telling smokers that they have a mutation that makes it more likely they will develop cancer or other smoking-related diseases does not necessarily alter their smoking habits [14] . The low and variable cumulative risks render CDKN2A testing possibly harmful to the research subjects who test positive but will not develop PC. How will the mental health of both false positives and true positives be affected by learning that they are at increased risk for a cancer that has a 5-year survival of 8.5%? Zhu et al.'s data, from only 15 carriers, does not provide reassurance [1] . In the 6 months of follow-up, some of them demonstrated disappointment, anxiety, and worry.
Let us consider actionability. In the current guidelines for the management of PC, the authors tell us, "asymptomatic individuals with a genetic predisposition are recommended to undergo surveillance for PC with endoscopic ultrasound and/or magnetic resonance imaging of the pancreas." They cite 3 references [15] [16] [17] , 2 of which stress that surveillance should be conducted within research protocols [15, 16] .
In a recent retrospective study, to which Zhu et al. [1] had access but did not cite (see Table 1 ), not one of the 23 out of 87 patients carrying an inherited mutation associated with an increased risk of PC who underwent endoscopic ultrasound, magnetic resonance imaging, or computed tomography, and were found to have an abnormality, developed PC on follow-up of 21.7-43.5 months [18] . Patients with CDKN2A variants were not included in DaVee et al.'s study [18] . In an accompanying editorial, Bruno [12] (who is cited by Zhu et al. [1] for another reason [see Table 1 ]) points out that pancreatic abnormalities of the type seen by DaVee et al. [18] are found in patients without genetic predispositions, and without PC, at higher frequency than those reported in carriers by DaVee et al. Bruno concludes, "(A)s long as there is no proof of benefit and there is the potential of harm, [surveillance] for pancreatic cancer should not be undertaken outside a research program" [12] . We do not know whether the findings would have been different had patients with the CDKN2A variant been included in DaVee et al.'s study [18] .
Zhu et al. [1] recommend that subjects found to carry the CDKN2A variant in the research lab, "follow-up with their physician and repeat the genetic test in a clinical [CLIA-certified] lab." If the research result is confirmed, presumably it would be up to their physicians to decide on surveillance and further follow-up. Such referrals might remove subjects from further systematic research, delaying the acquisition of data.
We return to the matter of feelings -this time the feelings of the research subjects. It was after all, their feelings that this study was about, "how learning specific CDKN2A variant status may influence individuals' general self-rated health, quality of life (QoL), emotional experiences, and genetic testing-related concerns." In designing the study, did the researchers ever define a sufficient level of harm to terminate the study, i.e., to stop returning genetic research results to the subjects? As it is, they found that the "return of IRR … led to low levels of test-specific distress and uncertainty among carriers," and that "at both (before and 6 months after disclosure), carriers reported feeling sad more often than noncarriers " (p = 0.002). And this with only 15 carriers from 5 families. A larger study or one that continued longer than 6 months might have found more troubling responses, including, e.g., suicide or suicidal ideation. "It is virtually impossible," Bruno [12] writes regarding surveillance for pancreatic abnormalities, "for a single institution to produce something that is scientifically worthwhile … The time has now come to join forces and design methodically sound prospective international multicenter research programs to unravel the potential of screening for pancreatic cancer." To that we would like to add: and to examine responsibly and with sufficient statistical power the responses of human subjects to learning their research results."
As more germline mutations associated with cancer and other diseases are discovered in the course of research, the temptation will grow for investigators to inform subjects whom they identify as carriers before the magnitude of the lifetime risk, effective actionability, and behavioral responses have been established in national and international collaborations. It is up to investigators to scrupulously adhere to the criteria for the return of IRR that have already been established. Publishing papers that do not do so will only encourage more poor research. We have attempted to point out the problems, using the paper by Zhu et al. [1] as an example. We will no longer accept such papers. We hope other journals will follow our lead.
